Background: In order to achieve the World Health Organization's Millennium Development Goal of reducing maternal mortality by three quarters by 2015, a strong global commitment is needed to address this issue in low-income nations where the risk to women is greatest. A comprehensive international effort must include provision of obstetric and general medical care as well as community-based interventions, with an emphasis on the latter in nations where the majority of women deliver babies at home without a trained attendant. Methods: This systematic analysis evaluates interventions published in Medline and CINAHL whose outcome measure is maternal mortality. Analysis includes components of the intervention, nation and maternal death rates. Results: Nine studies documented the effectiveness of various clinical and community-based interventions, including specific drug regimens and procedures, in reducing the risk of maternal death. Six studies reported interventions that did not significantly alter maternal mortality outcomes, and the intervention in one study demonstrated increased risk of maternal death. Conclusion: The dearth of evidence highlights the need for increased focus on translational research that bridges the gap between medical advances and community-based interventions that are feasible in low-income nations. This cannot be accomplished without a stronger commitment to reducing maternal mortality by global health practitioners and researchers.
Introduction
Every minute of every day, somewhere in the world, a woman dies while pregnant or while giving birth. One hundred women die every 90 minutes and 99 of these women live in countries with high levels of poverty. They die because they bleed to death on the way to an ill-equipped hospital or acquire an infection delivering their babies in a hut with a dirt floor. They die because their blood pressure skyrockets out of control without life saving medicines that were developed decades ago. They die because their bodies have been weakened by malnutrition, malaria, HIV, tuberculosis or diabetes. They die having abortions in secret by practitioners without training or sterile equipment. They die because their genitals were cut in childhood as part of an ancient ritual that leaves them with obstructed birth canals and scar tissue. The, more than half a million, deaths of women in pregnancy and childbirth are preventable. Medical science has had the knowledge to prevent and treat these conditions for more than one hundred years. However, preventive measures and emergency obstetric care need to be made accessible, available, affordable and acceptable to all of the women in need before progress is made.
Background
Obstetrical procedures have existed for centuries. Caesarean section may have been performed as far back as 1545 [1] . Forceps and external pelvimeters have been used since the 18 th century [2] [3] . There is evidence of the clinical use of episiotomy in the 18 th century as well [4] . The nineteenth century saw the widespread use of modern obstetric procedures and hygienic practices [5] .
General medical procedures have also been available to pregnant women for centuries. The Inca had treatments for malaria before colonial times [6] . Blood pressure and its measurement were also discovered in the 18 th century [7] . Blood transfusion and the use of antibiotics drugs became indispensible therapy in the 20 th century in the industrialized nations [8] [9] . Antiretroviral drugs were patented late in the 20 th century [10] . These same life-saving techniques and treatments are still unavailable to the poor women of the world in the 21 st century. The world is falling behind in its potential to translate medical advances into practical applications for the population. More translational research is needed to bridge the gap between medical advances and health. According to Duke University's Translational Medicine Institute, innovative behavioral, social and medical knowledge matched with community engagement and information sciences are needed to improve health on a broad scale [11] . Therefore, in order to prevent maternal mortality on a large scale, translational research is needed to bring the life-saving obstetrical and medical advances to all pregnant women in all nations through community-based interventions.
The lifetime risk of maternal death is more than 200 times greater for women in poor countries compared to women in Western Europe and North America. About 99% of maternal deaths occur in the 53 low-income countries defined as having a GNI per capita of US $905 or less. More than 60% of these countries are in subSaharan Africa [12] . Every two years almost one million poor mothers die from preventable pregnancy-related conditions while women in wealthy nations give birth with very little risk of death.
Maternal death is defined as "the death of a woman while pregnant or within 42 days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management but not from accidental or incidental causes" [13] .
The World Health Organization (WHO) is committed to achieving the Millennium Development Goal (MDG) of reducing maternal deaths by three-quarters from 1995 to 2015. Despite the global commitment to reduce the maternal mortality ratio (MMR) by 5.5% each year, the current rate of decline is less than 0.4% per annum [13] . The worldwide maternal mortality ratio was 400 per 100,000 live births in 2005. At the current rate of decline, it will take more than 188 years to meet the MDG-5 goal. A stronger commitment is needed to save these lives.
Causes and Risk Factors
Almost 75% of maternal deaths are caused by direct complications as follows:
• Eclampsia (very high blood pressure leading to seizures) (12%), • Obstructed labor (8%) [14] .
There are several underlying causes that contribute to maternal death. In an analysis using data provided by the WHO for 168 nations, strong positive correlations were found between MMR and infant mortality rate total fertility rate poverty rate and adolescent fertility rate. Strong negative correlations were found between MMR and percentage of births attended by a skilled attendant, percentage of women using contraceptives, and adult li-teracy rate. Eighty-one percent of the variation in MMR can be explained by differences in IMR, percent of births attended by a skilled provider, percent of women using contraceptive, total fertility rate, adolescent fertility rate, adult literacy rate and poverty [15] .
Addressing the direct causes as well as the underlying causes is essential to reduce maternal mortality. The highest risk patients need to be referred to hospitals and clinics for emergency, life saving, drugs and medical procedures to treat the direct causes. Long-term solutions will address the underlying causes as well seeking to create comprehensive systems that deliver care to all women and address community needs such as poverty, literacy and fertility rates. Interventions with strong evidence of effectiveness should be replicated and tailored to specific communities. This paper identifies the medical and community-level interventions that have been established as effective in reducing maternal mortality.
Methods
In order to find effective interventions and policies that could be used in low-income nations, a systematic review of published literature was conducted. This paper describes the first stage of analysis. A search conducted using "maternal mortality" as key words and limited to the publication years 1998-2008 resulted in 6975 titles from CINAHL and Medline databases (see Figure 1) . Two hundred and seventy-six titles were animal studies and 5437 titles were not directly related to maternal mortality and were thus excluded from the compilation. After further screening the abstracts of the remaining 1262 articles, those that were not intervention studies (experimental or quasi-experimental studies) aimed at impacting the risk of maternal death were excluded. Sixteen full text articles were examined. The results are compiled below.
Results
Nine studies resulted in a decreased risk of maternal deaths (see Table 1 ). Studies conducted by Adewole et al. [16] and Noor et al. [17] demonstrated the effectiveness of magnesium sulphate therapy for pre-eclampsia and eclampsia. Additionally, H.E.L.P. (heparin-mediated extracorporeal low density lipoprotein precipitation) apheresis for pre-eclampsia significantly reduced disease progression, making it possible for pregnancies in the study to be continued for an average of 17.7 more days [18] . A study by Espinoza et al. [19] also found that abnormal UADV (uterine artery Doppler velocimetry) together with maternal plasma PIGF concentration of <280 pg/mL in the 2 nd trimester served as effective risk markers for the development of pre-eclampsia and early onset and/or severe pre-eclampsia. Drape estimation of postpartum blood loss was found to be significantly more accurate than visual estimation, highlighting its utility in detecting acute postpartum hemorrhage (PPH) for prompt management [20] .
A community intervention that trained TBAs (traditional birth attendants) reported a significant reduction in maternal mortality associated with trained TBA-assisted home deliveries [21] . Derman et al. [22] demonstrated the effectiveness of oral misoprostol therapy for postpartum hemorrhage. The drug was associated with a significant reduction in the rate of PPH. Another study documented significant reductions in maternal mortality associated with vitamin A supplementation [23] . Kayongo et al. [24] reported the results of CARE's FEMME (Foundation to Enhance Management of Maternal Emergencies) project to strengthen EmOC (emergency obstetric care) in five health facilities in Ayacucho, Peru. His project was successful; resulting in over 50% increased met need for EmOC, lower case fatality rates, and reduced maternal deaths.
Six studies did not significantly alter maternal mortality outcomes (see Table 2 ). Cleansing the birth canal with chlorhexidine did not significantly impact maternal hospital admissions and deaths due to infections [25] . Early nasal continuous positive airway pressure (CPAP) therapy, aimed at improving respiratory flow, did not prevent the occurrence of pre-eclampsia in pregnant women with pre-eclampsia risk factors [26] . Another therapy, oral N-acetylcysteine, was not effective in preventing the progression of early onset severe pre-eclampsia and/or HELLP syndrome [27] . Giving pregnant women aspirin during the antenatal period to prevent protein uric eclampsia resulted in low, but not statistically significant, rates of protein uric eclampsia. These results did not support the use of aspirin to prevent pre-eclampsia [28] .
Reproductive age women in resource-poor settings are often deficient in vitamin A, which is linked to increased risk of maternal morbidity and mortality. Results of a study where HIV + and HIV − women were given vitamin A in the immediate postpartum period did not significantly affect maternal morbidity and mortality among all women [29] . Additionally, training traditional birth attendants (TBAs) to provide antenatal and deli- very services reduced perinatal mortality but had no significant effect on maternal mortality [30] . The results of one study (see Table 3 ) were associated with an increased risk in maternal death. Chigbu and Iloabachie [31] found that women who refused cesarean section when vaginal delivery was too risky had significantly poor maternal outcomes, including increased rates of maternal death.
Discussion
This Medline and CINAHL review identified 4 medical prevention strategies which were shown to produce significant reductions in maternal mortality. Magnesium sulphate and H.E.L.P. apheresis for pre-eclampsia and eclampsia [16] - [18] , Oral misoprostol for postpartum hemorrhage [22] , and vitamin A supplementation significantly reduced the risk of maternal death [23] . These drugs should be made available in local clinics and referral hospitals, and the medical procedures adopted in clinical settings given their effectiveness in preventing maternal deaths.
The use of abnormal UADV (uterine artery Doppler velocimetry) together with maternal plasma PIGF concentration of <280 pg/mL in the 2 nd trimester as risk markers for the development of pre-eclampsia and early onset and/or severe pre-eclampsia should be further explored and implemented [19] . This risk assessment strategy, together with drape estimation of postpartum blood loss, will help identify the life threatening conditions of pre-eclampsia and postpartum hemorrhage and encourage their prompt management [20] . The WHO (World Health Organization) should also classify eclampsia and postpartum hemorrhage as priority conditions given There was a yearly average of 2980 deliveries among the 5 participating health facilities. Strengthened EmOC resulted in over 50% increased met need for EmOC, lower case fatality rates Maternal mortality: Placebo group = 704 deaths per 100,000 pregnancies Vitamin A group = 426 deaths per 100,000 pregnancies B carotene group = 361 deaths per 100,000 pregnancies Vitamin A and B carotene groups = 40% (p < 0.04) and 49% (p < 0.01) reduction in maternal mortality respectively
Continued
H.E.L.P. (heparin-mediated extracorporeal low density lipoprotein precipitation) apheresis for pre-eclampsia (Wang et al., 2006) Germany n/a Before and after pilot study n = 9 Pregnant women with pre-eclampsia H.E.L.P. apheresis reduced "maternal circulating levels of proinflammatory and coagulatory markers of pre-eclampsia" (Wang et al., 2006 Quasi-experimental; prospective controlled study n = 124, Subjects (women declining C-section: n = 62). Controls (women having C-section: n = 62) Women refusing caesarean section when vaginal delivery is too risky Significantly poor maternal outcomes among subjects (15% maternal mortality, p = 0.008) compared to controls (2% maternal mortality) that they are the most prevalent cause of maternal death.
This Medline and CINAHL review also found that strengthening emergency obstetric care and training traditional birth attendants reduced maternal deaths [24] [21] . More research is needed to solidly establish the effectiveness of trained traditional birth attendants in improving maternal health outcomes and to establish the specific areas of training that leads to improved outcomes. In low-income nations where the majority of births are at home, effective community-based interventions are urgently needed. In order to reach the Millennium Development Goal of reducing maternal mortality by three quarters by 2015, more translational research that bridges the gap between medical advances and improved community-health is needed. There is an urgent need for more high-quality, evaluated, community intervention trials examining maternal death in low-income nations where the risk is highest. The obstetric and medical advances of the past centuries need to be made available to all of the women in the world, not just those in wealthy nations.
